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Amino alcohols have been hypothesized to act as  antitumor agents in a variety of tumor cell types. In human cells, 
amino alcohols have been shown to act as ligands that activate transcription factors associated with aryl 
hydrocarbon receptors (AhRs), regulating downstream enzymes involved in the cellular response to xenobiotic 
stimuli. While Saccharomyces cerevisiae yeast cells have no AhR proteins, they do have other mechanisms 
involved in responses to xenobiotic stimuli. Our lab cultured and grew different strains of S. cerevisiae, including 
deletion mutants lacking genes involved in xenobiotic detoxification pathways. In this experiment, a benzylamine 
compound synthesized in Professor Jeffrey Hansen’s lab was tested on yeast deletion mutants to elucidate potential 
mechanisms of action in S. cerevisiae. To observe the impact of benzylamine on yeast cell growth, agar plates with 
different concentrations of the benzylamine were spotted with serial dilutions of deletion mutations. After analyzing 
the plates for all the wild type and deletion mutant strains, it has been found that the mutants most impacted by the 
presence of benzylamine appear to be those involved in aerobic respiration, regulation of RNA polymerase 
promoter, responses to xenobiotic stimuli, cellular homeostasis, and transmembrane transport. When isolating genes 
that are particularly impacted by the presence of benzylamine, we can determine both the specific genes and 
xenobiotic mechanisms impacted by the presence of benzylamine, thus giving us potential insight on the cell 
signaling pathways that xenobiotic pathways could impact the growth of human cells.
Previous research in Dr. Jeffrey Hansen’s lab has focused on the synthesis of a 
small library of β-amino alcohols through the use of aldol-epoxidation reactions 
without the presence of oxygen. The amino alcohols that were synthesized in 
Hansen’s research project  were found to have low LC50 values, indicating that 
there is potential cytotoxic effects of the compound on cells. The amino alcohol 
derivative benzylamine (Figure 1)  was found to have a LC50 value of 8.28 uM, 
meaning that benzylamine has some degree of cytotoxicity to HL-60 leukemia 
cells when using the Brine Shrimp Lethality Assay (BSLA). It has been 
hypothesized that amino alcohols can act as a ligand for the AhR proteins within 
human cell. In vertebrate cells, AhR proteins act as transcription factors for 
target genes that are involved in the immune response to potentially harmful 
chemicals that an organism may be exposed to. Since yeast cells do not have 
AhR proteins, this hints that there are potential differences in the mechanisms in 
which yeast cells respond to xenobiotic stimuli.
On the other hand, due to similar homologies between yeast and humans, it is possible that some of the 
mechanisms by which yeast respond to xenobiotic stimuli are similar to the mechanisms of human cancer cells 
used to respond to stimuli such as amino alcohols. Amino alcohols also have the potential to act as either inhibit 
or further promote growth of the yeast cells along with signaling pathways catalyzed in response to xenobiotic 
pathways. Specifically, prior research in Hansen’s lab had found that epoxide and the amino alcohol derivative 
hexylamine had cytotoxic effects on  HL-60 leukemia cells along with benzylamine, indicating that amino 
alcohols have a potentially inhibitory effect on cell growth and the signaling pathways that respond to xenobiotic 
stimuli outside of the cell.
Figure  1 (above): Structure of the 
benzylamine synthesized in Professor 
Hansen’s lab
Figure  2 (above):Optical Density (OD) patterns of Wild Type 
BY4741 Yeast Cells over time under different benzylamine 
concentrations
Figure  3 (above):Optical Density (OD) patterns of Δerg6 
mutated Yeast Cells over time under different benzylamine 
concentrations
Optical density (OD) was measured for both Wild Type BY4741 yeast cells and those containing Δerg6, a 
deletion mutation that is known to increase cell membrane permeability through inhibiting cholesterol synthesis. 
The two cell strains were exposed to different concentrations of benzylamine ranging from 3 nM to 3 uM along 
side controls with no added compounds and one with only dimethyl sulfoxide DMSO added since it is a vehicle 
control that the benzylamine is dissolved in to enter the cell. Since the wild type and mutated cell OD patterns 
appear to be similar to one another, this indicates that the benzylamine is able to infiltrate the yeast cells.
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Figure 5 (above): Agar plates containing different concentrations of benzylamine are spotted alongside controls that have been exposed to no 
benzylamine and the DMSO vehicle control.Plate spotting was performed in serial dilutions, with the most concentrated spot being located on the 
furthest left of the plate with each subsequent spot toward the right becoming more dilute. Each row is representative of a different deletion 
mutation or wild type strain of yeast cells. Each larger column is representative of the different concentrations of benzylamine that were mixed into 
the agar of the plates.As indicated by the blue rectangle, the spots of the plates exposed to 300 nM benzylamine had the most noticeable effect on 
cell growth without resulting in the obliteration of any of the cell colonies.on the plate.
Figure 6 (above): Quantitation of the yeast cell growth on each agar plate when exposed to different concentrations. The charts above indicate the 
changes in growth of each strain and deletion mutations compared to the control. 0 indicates no change in growth compared to the control, - indicates 
decreased growth compared to the control and + indicates increased growth compared to the control. The deletion mutations within the blue 
rectangles are the deletion mutations that have been found to have the most noticeable change in cell growth when exposed to benzylamine. 
After qualitatively observing the growth of the spots belonging to all of the deletions, it was  
found that the spots for the deletion mutations Δcox5a, Δpdr5, Δpdr3, and Δoac1 had the most 
impact on growth when exposed to benzylamine.Even though benzylamine was also found to 
have an impact on cells containing the deletion mutations Δaqr1 and Δtpo1,we were unable to 
obtain yeast expressing tagged versions of these proteins for further analysis. 
The analysis of the growth of each mutant acts a way to qualitatively observe the direct impact 
that the benzylamine has on the signaling pathways inside the observed cells.
Overall, there have been five rounds of plate spotting over the course of our research and 
when we found that cell growth appears to be inhibited by DMSO (Figure 4), which is not 
unexpected. So we needed to decrease the DMSO concentration in future replicates (Figure 5), 
hinting that DMSO also plays a potential role in the inhibition of cell growth. After quantitating 
the cell growth (Figure 6) that occurred in the plates shown of Figure 5, it is found that for the 
majority of mutants and their dilutions had inhibited growth when increasing the benzylamine 
concentration compared to the control, with the most noticeable changes in growth occurring at 
around 300 nM benzylamine.There are also some mutants including Δsal1 and Δrdr1that had 
almost no change in growth compared to the control in the low DMSO plates, while growth 
was inhibited in for those strains in the earlier plates with the higher volume of DMSO, thus 
implying that DMSO had a more noticeable role in inhibiting cell growth for those particular 
mutants than the benzylamine at any concentration.It is important to note that mutants most 
affected by the presence of benzylamine are involved in processes that affect development, 
homeostasis and metabolism because prostate cancer cells have different metabolism pathways, 
therefore targeting their metabolic pathways could be an effective way to further analyze the 
effects of benzylamine on cancer cells and can lead to potential treatments for certain forms of 
cancer.
Figure 4 (above): Initial spotted plates of several deletion mutations which initially had higher concentrations of DMSO compared to later spotted 
plates. The concentration of benzylamine in each plate can be found on the x-axis of the graph above, while the specific deletion mutations are listed 
on the y-axis. The spots on each plate are representative of serial dilutions of the mutant found on each row with the leftmost spot being the most 
concentrated and the right most spots representing the most diluted forms of the deletion mutations. Each square is representative of a different 
plate exposed to either the No Benzylamine-DMSO control, 3nM Benzylamine, 30nM Benzylamine, 300 nM Benzylamine and 3 uM Benzylamine.
● The next step towards investigating the mechanisms of yeast cells’ xenobiotic responses to 
benzylamine is to isolate the tagged proteins of interests from timed culture treatments.
● After isolating the protein, bicinchoninic acid (BCA) assays need to be performed in order 
to determine the concentration of protein within a solution of the yeast culture sample of 
the timed yeast cell cultures.
● We also plan to place the isolated proteins through a Western blot in order to determine 
whether the level of protein will change the affect the signaling pathways that are already 
introduced to different concentration of benzylamine..
- Larigot, L., Juricek, L., Dairou, J., & Coumoul, X. (2018). AhR signaling pathways and 
regulatory functions. Biochimie Open, 7, 1–9.
- Rothhammer, V., & Quintana, F. J. (2019). The aryl hydrocarbon receptor: an 
environmental sensor integrating immune responses in health and disease. Nature Reviews 
Immunology, 19(3), 184–197.
- Xie, M. (2019). A Diversity-Oriented Synthesis Approach to Drug Discovery: Beta-Amino 
Alcohols (thesis).
I would like to thank DePauw University and Science Research Fellows for allowing me the 
opportunity and funding that enabled me to participate in on-campus research this summer. I 
would also like to thank Dr. Sarah Mordan-McCombs for enabling me to participate in research 
for her lab this summer and assisting me throughout the duration of my internship. I would also 
like to thank Wendy Tomamichael for enabling our lab to gain access to equipment and 
supplies important for our research.
Gene Function
Δcox5a Anaerobic Respiration
Δpdr5 Aid in Response Pathways to Xenobiotic Stimuli
Δpdr3 RNA Polymerase Function
Δoac1 Mitochondrial Metabolism
